
PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 2003104798 A 



(43) Date of publication of application: 09.04.03 



(51) mt. ci C30B 29/36 




(21) Application number. 2001301935 


(71) Applicant: 


NIPPON STEEL CORP 


(22) Date of filing: 28.09.01 


(72) Inventor 


OTANI NOBORU 






KATSUNO MASAKA2U 






FUJIMOTO TATSUO 






YASHIRO HIROKATSU 



carbide single crystal includes a process for growing 
the silicon carbide single crystal on the seed crystal 
by a sublimation recrystallization method, wherein the 
raw material of silicon carbide, the vanadium 
concentration of which is 1x10 18 -6x10 19 atom/cm 3 f and 
inevitable impurity other than vanadium 
is < concentration of the vanadium, is used for growing 
the silicon carbide single crystal, and the silicon 
carbide crystal raw material for growing silicon carbide 
single crystal, and the silicon carbide single crystal 
to be manufactured by this method. 
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(54) SILICON CARBIDE SINGLE CRYSTAL AND ITS 
MANUFACTURING METHOD AND RAW 
MATERIAL FOR SILICON CARBIDE CRYSTAL 
FOR GROWING SILICON CARBIDE SINGLE 
CRYSTAL 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a large caliber and high quality silicon 
carbide single crystal ingot, raw material of silicon 
carbide crystal to be used for growing silicon carbide 
single crystal, and a silicon carbide single crystal to 
be manufactured by the method. 
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[BfcR* 1 1 #*?MSA£K X i) IMSA-hl-SiftS* 
* » ft * $ * 4 IS * ir i" 4 K f LSI?* ft <r> m 
^i£T*aboT, (RiR-i: Lt/«tv -5 AOiftlS^ 1 x 1 

0 1 8 - 6 X 1 0 ,9 a t o m/ c m 3 "C2> !) , ' <i~ V *J A 

an<o^m^^i<omstA t m^<i- •>* a 

[»^2] Wfe^v^AOigSfil X 1 0' 8 -6 

X 1 0 ' 9 a t o m/ c m 3 "C$> ') , ^tZT^^T-W^^ 
ift*(± 1 X 1 0' 5 a t om/cm'ttTT'iS, 

[W*JS3] Hflie/<f-v^A<7)ilft(i 1 x 1 0 19 ~6 

XI 0 1 9 a t o m/ c m 3 X'*> () , fltJgB^F nTi^^F*e^<7) 
i&Klil X10'«at om/cmHlTtiii, ^JR^ 

1 icE*wfia*fto 

[tt#*4] ^'tv^A^iftS^l x l o 18 - 6 x i 

0' 9 a t o m/c m 3 t:-;fc <K v •> A J^CD^nlit 

[K?RJI5] /<■*-->' *J U(r>\<£&.if 1 XI 0 18 - 6 X 1 
0 19 a t o m/c m 3 T-£> <K /<■)• V ; ^ A J^o^pTS 
^ft^SS* 5 1 X 1 0 ' 5 a t o m/ c m 3 BITt* 
4, &fl^%JjLftA1?£fflftftt£XttAn(fr. 

[»**6l /<t-/')A^iSAq x i o 19 - 6 x i 

0 ,9 a t om/cm 3 t-*l), ^ Aj^i-O^pTjig 

^*E%<7>«iS* f 1 X 1 0 16 a t om/cm ! HTti 

<b *ifcKiba**»a-c* o r, 5 0 mmn 

[11**8] TOA£lft<£ft&£JM&A 
5T, /<ty*>>A©IKA»l X10 ,s -3X10"at 

[«**9] mffe^"f-v^A<oiftft(i 1 x l 0' 6 - 3 
X 1 0' 7 a t om/c m 3 T-*4, Bf^Jl 8 tCf£lfcO£t 

[S*«10] 5 0mmH±«)Pgt#t4Ctt1* 
&fc-f4, »*JS8**:li9Uiatt^fba*J|i|Sfl. 

[at** 11] 7 - 1 o o v »-r *L3&*-a cet 
^ft^^A^w. w*LT&*£Hfc&*JMSA 

[st*n i 2 ] i i i-ib*«> jfcffc&asjufca* 

^^jl tf ? * v -v )V X. / N D 

imim 1 3 ] sft$g 1 1 j-e«<oj&hb£*jii«&a* 

Sft*"'! ^A, g-ftr^5^^A, gft-f 

Hi tf ? 4- -> -v ;i- ^ i a 0 



(2) #W 2003-104798 

2 

[0 0 0 1 1 

iS^x/Nt^s^s-e^KofSS-f haw 

[0 0 0 2] 

[f**o«?S] ftfta* (S i o O^fStt 

juwEw^-f^^oosig^i/xk lts i c*#a 

tt4SfnS<oS i CJM*fl4r, I*Wa*-C*5gUtt 
*u9>x., SiCii, ±i£OJ; t OfiJ*&.rjTiriig1£ 

[0 0 0 3] l^ISKwSittt, {ijxlf« 

H^SS (W-'J-S) T'S i CJHttft * 

immx'i>z> 0 ttz, s i cwn-r 

sss (cvDft) ii^ta* <s i) it'<osii 

ft O^fbl* *«S A *«ftS*4Ctfefffe*trv»*o 
*Wflto*»AJi»<b*t***, &fat<7) 
fatt&'ktffo 2 0%U5;tfi:J; i)#<<o^fii 
J0 (- 1 0 7 cm- 2 ) Sr^-trS i C*igft L^ft$*4 
Ct^tlf, KASOS i cmeA*f»4Cf:tiS» 

ft x / n ^«*Sft t LTfflv>t#fSg B ^ * ft -9 AM 
<0U-'J -ft^ttH^iX-CW^ (Yu. M. Ta i ro 
v and V. F. Tsvetkov, Journa 

1 of Crystal Growth, vol.5 

2 (1981) pp. 1 4 6 - 1 5 0) , C O^&T- 
i± . tt^ft t m v»T v »S 7t ^ISft O^B^ff^WtSP T- 

ifc^fStt^XUiiJ^HAE** 1 0 0Pa*><b 
40 1 5 k P ag*(c$Uffl)-t4w fctcj: tj ^A«5fiS:ftjSK^ 

S«r, H 1 Srffl^TI^W-r^o a^ftfc^4 S i C#«S 
ftfcl®»fc^4 S i C$Sft^* (ii^. A c h e s o n 

*V4) JiitflS (il#»J&) O + l^JRffl^a, 7i^>f 
^TiStt* '^.^a^:* (133Pa-13. 3kP 
a) , W2 0 0 0-2 4 0 0Si:«?^o 

^fr^t-Jt^tt^ft^^SiSU^^ J; "9 i:iSS 

50 lzti)T&tiLZii&) izx OftftA^TIfil^eitt, 



-2- 



3 

ftfcffli^tUf, S i Cf iSWSS^i (6HI> 4H 
£L 15Rlf) IkVHfm. *t>JrlS0'ig8^li]«l 

[ 0 0 0 4 J mft. -LfE< 7 >Q:& Is-')- ST'fpg Lfc S 
iCf^ B B a frf)Pi2'f>f (50mm) frhZ-OT 
(7 5mm) O S i CiiMS.fl^ i^7>*ffl 0 fib SJi, xif 

&ffitfc£ft (1 O'Wcmttl) A«iijlTv^ 0 2&fg 

onm.rn.mtii. to^izifm^fihrn^^^m^ 
# 65 ( : t* ±t s l a ft ! z a v » r , m n t 4- Z> S 

i C ISA©** (C#JS>» < v ^ A * £ v >t± / < v -5 A ft 

(«ft», mtmm s i cwtft 

(tajxif. S. A. Reshanov et a 1. , 
Materials Science Forum, v 
ols. 353-356 (2001) pp. 53-5 
6) o LfrLteffh. COioCLtftSUS iC# 

fiSi^s *S B B B g&te ti A T IS <b it 

[0 0 0 5] 

I»W**»*LJ:^i:-r4f|lll ±ULtzXn ft* 

<tt&Assa f i&< , *fc*«fit**#-i-.&feAaitfciijft 

£ii£AwS*Tl&fe*i7t8Bfrfcfco-C^fco :<o: t(± 

s i cac»<os.*ii«(zjt^ ><^v 
&^(tm%mm&&#>xj:&^z ti:giLtvvc„ 

* t - it § v > tb ( c fig g i95 m ( : < <r> / v * a t>*«: 
S^ H B B U^l9iiin^ (12 (a) ) o tco^m, >ss 
fgg A<r>l:^@i§(S# (3 X 1 0' 7 a t o 
m/cm 3 ) ti&x, «ffflttO»^S:|!|iortt*ttS:* 

fi£;h..2>S i C*HA0ttA1£CfcSlg*-*-«> o i 
fc, ItOlf#4:ii:LfcS i c*a»**«t#tu 
rfflv»fc»#, s i CJM»A't»t::3i«)&i#iateo»9 

^tJiftK^ 1 X10"at om/c m 3 m.mt&< , 

^o^^s^^m^ B B B ^t#'bti^a5G:* ? si*Tist ) 

n/:^tictv>y; 0 Ctlii, H2 (a) IcjpLfcJ: 
"7 (-■. / v A lftw#f #x v » tb izifc&m 
tefflft&Nl X-s<i- v ■> A HfWffi;i LTLii\ fog 
«W^tt«iaEfll±i:'<t v 9 A dnSfln £ ^IS^ 
fiEgiSAWMtfJTiS titz&GL t £ o tv>fc tztb X*> 
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[0006] *ifeW<i±E*fll iciAtisn^to-p 

[0 0 0 7] 

[»«*»*+* fc*<o^ai *«w*>s i c 
70 ^.m^m^mt. (i) miihsi^ivm 

#*$S B B B wgfit^ftr-*oT, Kfl-t LtA-tv^Ao 

1X1 0' 8 ~-6Xl 0 ,9 a t o m/ c m 3 

#$S B B B ^tfi?^;t«gtt^ r^s**.$s b b b o 

«A*ft, (2) A *>»KI± 1 X 1 0' 8 ~- 

6X1 0 ' 9 a t om/cm 3 t*lh «rIB^nTiS^*E% 
WiSSfi 1 X 1 0 15 a t om/cmHim^, 
20 (1) i:|E*W«a^rft, (3) mflE^v'* A <7>i£S 
iilX10 ,9 -6X10 ,9 ato m/ c m 3 X~$> t) , fl? 
%tLT^MT-Wfo<F>fei%.{* 1 x 1 0 ' 6 a t o m/ c m 3 W 
TT-&£, (1) U|E«tO«a*S, (4) A'ty^A 
<7>mj9ttf\ X 1 0 ,8 ~6X 1 0' 9 a t om/cm 3 T-* 

o , /<^v^ A^o^ws^^^iss^flfria^^ > 

"> AOiSS*!f 1?**, KfbS***S B B B WR5cffl^tam 
^ B B B )^fl-, ( 5 ) A-tv'fi 1 X 1 0 1 8 - 6 X 

1 0 1 9 a t o m/ c m 3 T** ►) , v ^ A J-^O^Dr 
JS^F^^igS^! x 1 0 15 a t om/cm 3 Hm 
50 Rfb^^SWfiSffl^b^^Blll^ (6) /n* 

v ? A OiftK^ lX10 19 ~-6X10 19 ato m/ c 
m 3 !] , v ^ A J.^J-<7)7p: BT^^Jt® Oiftft** 1 
X10' 8 atom/cm 3 WTt?* « > ^fbS3S**SS 

wafflutfiasaiajasii^ (7) (n - m ov»r 
*t^-auie«o^it^ar-w<b^^^bS^*a B B B T- 

4, i^fb^«^ B B B > (8) «$S B B B £[&<j^b£***§ 
a^ICIot^ Hfv^AOaS^lXl 0' 5 -3 
X 1 0 17 a t om/ c m*X$>& Z tHW&t-f &8z1t 
40 mmmm&. ( 9) frffi/^v^AOiftSti 1 X 1 0 16 
-3X10"atom/cm J fiJ 1 ( 8 ) (-ISIftO 

mm.m%.m&. no 5 ommja±^pg^wi-4 

itttttt*. (8) SjfcJi (9) t=BE«OjgMta 

^#$s B B B , (id (7) - do) <r>^-fixfr-mz 
%m<o%zimmwiiiikzwm. mmLxzzgummm 
$s b b b^«> (12) (id izum<r>utimm^^& 

m%x-V9*i"r)U<>x./^ (13) ( 1 1 ) Uf2«c<0 

«fka**aa««i:, ^b**';^A. Mfbr^?--^ 

50 A, mit4> z J^-l+ttzt.*Z1Xh<r)m.§ s *^\d9* : s>7 
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[0 0 0 8] 

i\xr, rs i cj t i>fo-tz>) mMt it, =f&b^-r 

v^ACOigS^l X10 ,8 -6Xl0 19 at om/c m 
3 , fftL<(ilX10 ,9 -6X10 ,9 atom/cm 3 

t-* 0 , aoy v ^ a mv^T^m^md^mm 

85' v * A o«JS*JB, »JL<li/<ty«)A co its 
^lxiO ,8 -6X10 ,9 at om/c m 3 <0*§^U(i 
1 X 1 0 15 a t om/c m 3 flT> ^'tv^A^lS^ 
lX10 19 -6X10 19 ato m/ c m 3 O^^iKi 1 
X10 ,6 at om/cinUlTT^^S i CJMSfltfll 
^iCtCil), SjStt* (10 6 Wcm^±) -Clftfi 

[0009] H2 (b) tfflv>r, 
t4, #*S*ii B B B &<-«fc&S i cm^^Ofigglzfcv^ 

mtS i Ci& B B B Jg¥4<7>#/5? (#*) UJ:«)*as*L*C 

&coT-!i&< , fIZS i c^BUn^o-etitrau-u^ 

I), ^Stfflitiotv^ty^AtS i CffiO 

-✓•>Ao#**4v»ii3R«ajK**s i cm&oftm&m 

A3> t jSilLtLin j jictiii<, »£«*»*{::— £ 

*n-rsct* ? Brt6ti«s 0 s*:, s i cgss^if-NO 

/ v ? A Oi^tnfi^T-^pS LTJoIt if, figftSal * 

~^oi£tii*fc MS-PS*, flUtf, s i cm&mwn 

'•f-*-v->Afi£ 2 X 1 0 19 a t om/c m 3 t LTJSlt 
If, ft*«Jft(C5ll3jii*l*/^y>5A*l± % 2X10 
' 6 a t o m/ cm 3 -lX10' 7 ato m/ c m 3 t & 
*o AO«*rt*Hifi-+ «fc 1) t^«S B B B 4'T-fi< 

ft&coii, Ifti^WS i C^fSS^-^cO/N'^-v^AflX 

') a o&gftn * <o/^ •> a »« -nsa nf++ o 

/<■*-->* >>A«£) ^0. 0 0 1 -0. 0 0 5 ifit>fcft 

x-&z> 0 >io^!)ii*.$(±s i cm^ B B B ^fiE^*ftU'K 

SU Si C«SJft«fl-*tcttiifc/<-*-v'>AaK{i, £ 

± o (=, ^^ B B B -^o^;)ii<^^^#^(cAti.^* s 'b, 

S i C^SJl#*0/^v*^A{ftS?r^5gL, 
*fflv»r#»W«f*a{: A 0 S i CljM£ B B a £i&g-t*t 
!i\ ^I?nfcS i C*^S^f$::citoT-^S.o@i§ 
EJfcWrFO/*-*- v A £. < iSiD-T* C 1 5» S T- 
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[0 0 10] fflWS i C*$§ B B B Ofajt^ST-li, s 
i C IMflKtt+O / <-*- v •> A Wno^Br»T«ft«SE & 
/<^v^AOiftS*SlT-**S i C$S B B B ^*4*fflv^^ 
itlfltti. S S^F BTiS^FMfe <0 mm tt ' <i- v 9 A 
<OsSS*^-e*it(f «t <. 4ft L< (i, /N'^-v^AOit 
St5 ? 1 X10' 8 -6X10 19 at om/cm 3 <Ot|^C 
(i 1 X 1 0' 5 a t o ra/cmHlT, 2>£v>ti, /<■*-->* 
/0 ^ACOjgg^l X 1 0' 9 - 6 X 1 0' 9 a t om/c m 3 
<Ot§£-U(±l X 1 0 16 a t ora/cmHITT'iJo £ 
tit>igSeH<7)*ftli, JSftLfcS i C^eatO/** 
v^AiSS^tc^nTiS^^igftWJilc^^ J: o Ui" 

tififtlLfcS i C*IS B B B T-iiJ}£^*»^^i6tl(i, jg 
tip L tz/<i- V V A co J- £ ±@ & icoTF pTJI^F^** S i 
C JjM£ j| L T ii ^ e> * fi£«*S B B B *p<0'*i-i? 

20 m&iztt. m$s B B B <os^#tt(±, -f-oT?ra^«w»= 

<t l)^$jltLiv\ HSt&tiV£ ( 1 0«Wcma±) 
i:i±i')^vs '^y^AJ3Wo*«&ott0d^^ 
l±> ^5t^coT-(±ii(f 1 . 0i:^^<7>T% S i Cg B a a f 

[ooi i] g-mwmgkm<r>wMt L-cm^&s i c» 

30 ( 1 0 6 Wc mJa±) COS i Cf^Wflt.WCt 

[0012] *nwi-fflv^fL-5 s i cmm^t&ms 

i C$S B B B )^iis|.|±, i«*£«<0-»Mb£* (S i O 

2) t*»Sr»ia-CKl&$*4wfcUJ:«)fijSS*L4o 
S i OaC^ttLTv^^d, iSiS (Sft2 0 0 01 

ti, S i C^ B B H (C(i^e>^w^ y<f-v->A(i±fes i O 
2 + Uftttft&R / <■*- v A co^T-j^tD S Jiie 

Rit-tfus i c^ B B B ^tc5cf)iiitt-i» 0 s i c^ B H B >fco 

ft, IS B B B *©#-S*PI5 (»*ffc) i-ifiRU^— fbS 
tt^ 0 S i C^SJSM^tO-'^v^AiftJS^ 1X10" 
- 6 X 1 0 19 a t o m/c m 3 , 1X1 0' 8 ~ 

6X1 0 19 a t om/cm'^IItt^i:!^ *frit 
T-l : 1 KHfc-SftJtS i O2 S i IC*ti" 

4*^4-2 4%, $)^>'v^i0. 4-2 4?o<OS5$g 

*t^$g B B B ecosiH(;i±, s i c«*u]Rt)a**ir«ff 

L #S *<-)~~J *7 A d*tt-5t L r v > 4 co T% McO/ v 
50 -^Aiftgcos i C^ B B H )F.#^»-i»^to(Cii, 
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»iL<(4lX10 ,6 ato ra/cm J ttT, 

(4, 1 X 1 O' 5 a t o m/c mH^Tfc-f &ICi4, £h3& 

nfltiss i02, m&, a if o^»ra^*t 

f^iftS^JET-jftKTO. 2ppm«T, Mi>l±0. 0 
2 p pmfilTtt-2)Mi ! *io 
[0 0 13] *«WOfi»*STftl!?itfcS i CJMS 
g>f H4, 5 0mmU±O*PKtU -io^S 

^ftai^^sso^si-mo-c, 1 x 

1 0 IS -3X1 0 17 a t om/c m 3 , $Fi L < J4 1 X 
1 0 16 - 3 X 1 0' 7 a t om/c m s T'**tlf, ^«TiS 
^*6»WfJS*$«fru, 1 0 6 WcmM±WiS5ffi^ 
^r^-fo SXlCatom/cmHIxJ/^-/ 1 ) 

»i L < 

[0014] coiiicuiaus i crnea^ 

3*y hZWm. WmLXteZS i CJHttAtttEti, 5 0 
(D^^i$- (Si, G a A s^) -5 ^fflOgiig^ -f > £ 

flcSLt^S. Sign 
«0&}5v$(4i§5^<7>-C-, ii^ffl?6Sic<DS5v>T'/<'f *~^> 
Sffl* f ^Tt6T'*^o cos i CJMtaa6«±t:: 

C V D m * 1 - J: 19 i tf 9 # v -V * 8 R & Jft « L T ffeR 5 
S i CJ^H^fc: ^•/t^'Ji/v W4G a 
N, A1N, I nNSO f -'b'b<0}S B B a ^itf^^v-v;U 

&&S i cm^ B B B ^«+(-/^v^A*faj^ueHL7t: 
[0 0 15] 

(*JS«) tlTU, *%WO**OT«:ia3 * 
fflv>Ti£-<£o f?\ -<?>^ B B B ^^*(Zow^-cfB)* 
izmW-fix, £f B B B J&ftl4, S i C& B B B »*Jl£l-2 £#3£ 
ttg B B B fc LTfflv^S i CJMiJ. l±-CWt£&it 
HiltCiOUfffcW. i^SOS iCM B B B l 
14, AMKAI»9liOlt«3«>JH^SJt«X4<0|^1BUK 
')ftltf>Wo S iC^ B a a t*I#2li, *tfi&30|*3fflS 
K5fc*SivO»4o COJ:-?£:tffi8 3(4, Z15$f 5 
0|*)gC!C, H«&03£8M*6U«fc t)ta:fi$*t-&o *ff*B3«0 

?JlTi'5 t Z15^f 5(i« X^Sf 1 ltCfct) 
£Jt£#l3l (1 0- J PattT) -f-^C: fc#r-C£, tJ>o[*J 

££, Ziilf5w?i.ffli:a, v - * 37 ^ )v 8 
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Tffij&'feoftittOrtfU -feiflKBtSrfflv^rifOo iff 

-2) o 

[0 0 16] ^C(C -0^a B e^^®^ffl^7t:S i C J* 

J0 LT, Pi5 OmmO (0 0 0 1) ®^^L/c^ B a B M 
OS i C*«a->*/N«rffl«Lfco SftA 1 £*H" 

ttutt. s i c 2 mmLtio mm*t 

S i C*§ B B B {i, ^E^JfrTM : 1 Uli^StifcS i O 

fla^^fcs i o 2 . mm, ^^'j^^^^wmw^wa 

iSLi* 1 X 1 0 16 a t om/cm 3 flmo/: 0 »<b*t 
tzS i dS H B a ^*^0/^v^AiSS(i2 x 1 0 19 a t 
20 om/c m 3 T?*>o7fco i^. M^v^AJ^O^WS 
^*t!»aift-±. lX10 16 atom/cmHimo 

SES:SEL!Rfl-iaK ; Sr«ft2 0 0 OKitilffco 

f^. SlS^t LTig^SA r ^X^. SsagAr^f 

-71 0-e»J«ILi7j*e>SEAS^ H^*rtS*^^8 

2 4 0 0Sit±#Hfc o ««E*t*S 1 . 3kP 

Wtfco ^OBROiPSrtOiaR^E.iRftl 5S/cm 
T% *SiSR(i*?jO. 8mm/Pftio/: 0 
B B a (7)Ptl(i5 1 mmt\ SSSIil 6mmgKt-*ofc 0 

[0017] zni,x&btitzjfcimm&&&zxi&® 

It (0 0 0 1) mfrb< 11-20 >^|fiJU3. 

(^tL-ena*S B B B^'bS:x.r 9ttS, 

tv") A<7)«g(i. ^0^^/N{lioV>r <> 6X1 0 16 a 
(i^T 1 X 1 0 16 a t om/c m 3 tlTT?*ofc 0 i 

50 o^o S^. maflBSUJiO^^i^OStt^Srlll^fc 
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tZh, fO^xAi l 0 6 Wc mWJi£^igv>3£Jft 

[0 0 18] oULT«*LfcS i CJMS 

B^xAtfJlLt, 1^ 3 0 0 ^0/, PS5 1 m 

mos i c i^tftSLfco 

[0019] COS1 mmPgcOS i CJMSS 

ii. *Sia8E«ft 1 5 0 0 > 7 > (SiH^) , 7" 

n/N-> (csHs) , tK* (H2) oflti**, -eti-eai 

5. 0X10- 9 m 3 /sec, 3. 3XlO' 9 m 3 /se 
c, 5. 0X10- 5 mVsectio^ J&RE&ti 
*^EtL7to *«WHIt±2B*W-C. WtLTttft5 
mSSU: 0 

[0 0 2 0] xtf^^yt^Iitm y-7;ux^r- 

ss^7tny-^tn s i cie**v*^iMw* 

[0 0 2 1 ] itz, ra«UL"Cf*»LfcgOOS i C*ft 
S>f >=fy h*^*-7ftJS3i f 0ftO (0 0 0 1) ®^ 

*r«*«^b*»*«s (mocvd) auioxif^* 

'>-v^l£ft£-£fco J&fi^bftii. l^fiSKfHftl 0 5 0 

ft. F'j^f^^r^A (tmg) . r>^e-r (nh 

3) . vv> (SiH4> 5 4X10-^^ 

/min, 4 , J7FVmin, 2 2X10" 11; eV 
mi nffiL^o Sfc, tSESli^Et Lfco JKftB* 

[0022] %hixtzG aNmwkotmvtmim^&B 

£ 0 ^ x / n^ICSo t^i:?fi^^ 7 t n > - ^ 

[0 0 2 3] (ifcttW) Jtttfclfc IT, f£*SUJ:&* 

^(s]U<> «if£ B B B <*: LT, PS 5 OmmCO (0 0 0 1 ) 

»£ B B B 1 *J»»«Oiff«3 Ojftfifi«4Ul4 OR 
■UttOftlt, *tr*3 0|*g«U. 0Wtt*i£»AaL*: 
S i C«^*M&*2 «:**Lfco SfcU, :ORflS 
*UftJR/<^v*->A*S i U»-*"**/Hfc"C0. 4%i« 
tnLfco BCft*ftWLrt:#«3*. 4 "CBB 

Ii^7x^h7ttSLWi MS^«6 0 
±U*Hi\ ZlHUf 5 O^ffiUl^g L£ 0 tit, 5 

*«ort«tntffi#MKLfc*. /uumat*a 
L(R«-fflK*«ft2 o o ofti-e±erfco £B 
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^8 0kPai:S*,M f ^ «*mft*B«»ft"C* 
*«tf;2 4 0 0«E*-e±#S*fco *«ffi*t?*« 1 . 
3 k P a ICttft 3 0 53*3WtT«E L> 2 0 B#BB 

/cmt% ffiftiSJS^O. 8ram/Hft*ofco 
W:«aopgl±5 1mm-e, ii&£<il 7mm8St* 

[0 0 2 4] Lr»P>n;tKfb4*i|l«Sft«:XaEI 
WRtr?^>fiau*05WLfcfcC*, ^ b b hIos 
;o i c*«r*3j»*ftLfcik*«B-e*fc 0 *£ B B B o^&% 

»S«rflflJSi-4Bfl<rt\ S«U:$g B B J>^7 
fSlmmO»)x/>i9ttflI01BL/:o * Office 
(± (0 0 0 1 ) H#*<b< 1 1 - 2 0 >*|RjiC3. 5** 
7tLfco *ftttAO±«. TSP (S^ B B B i5i£) 

ufBSi-4*^ (>ett^ntt^ B B B ^^mx.T9ttg, 

5tt§, 2tt@) t^tt^aiaEtrL&^fcfci^. 
^•✓^ao»K(4, tft«J|OT«i:*St4^x/N-c 
5 X 1 0 18 a t o m/cm 3 T% ±gC(lffl^"r^> 
i/N-eii5 X 1 0 16 a t om/cmHIT-Ciofco 

*6W^>aiKtt2 X 1 0 17 a t om/cm 3 gSt*o 
fco »&fLfc^i/%S:B[«S|-e«*Lfc4: C*, 

+*i:-B*>n*«**cia* f ii*»*Lfco ifc. ratals 

WU*iS-f 4**'Mi 1 0 6 Wc mtLt^v^iS^Jgftt 

^iJjzLtztiK ±*i::*Mi1-4 0. 4 

Wcmtft^gtt^tSLfco 
[0 0 2 5] #CU, COi^C LTSiSL/viS i CJMS 
JO H^x./N<7)[*k SSfitS^OtO (ffiS@ B B B OT^(C+@S 

i"4^o./N) £EfJ8LT. S^ 3 0 0 ^n>, P§5 
ImmOS i Cm*S B B B ^ffi^^^^f^L^ 0 
[0026] S <bU, CCD 5 1 mmPgOS i C#fefi 

II^x/N^StHTfflM, SiCOxe^yt 

(i, 5 0 OS, vv> (S i H4) . 7* 

n/*> (CsHs) . Ticm (H2) OSES**, 
5. 0 X 1 0" 9 m 3 /s e c> 3. 3X10' 9 m 3 /se 
c, 5. 0X10- 5 mVsece*o/: 0 SftESii 
40 **EtLfc 0 *««FWtt2l*|R|-C, 811¥<h LT*i£j5 

[0 0 2 7]ie^*'>t^*i*|ta, 

•> AfffflftCgHt 4*B«HEt 4»»±i:«* Lfc 

[0 0 2 8] itz, m*ULTfl*L*:RI«>S i 
i-f >=i'.y h^^^7ftR^0KOS5«fit^ (0 0 0 

i) ffi^aL/^^^:)aiL («f§ B B B a^o^^ib«ji)m 

50 Lfc) , «ffiBf«Lfc». WICGaNiWtm 
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mit¥%tei&& (mocvd) si:ii)xe?*->t* 

*fi?*fc, J&H£ft(i, *ftift*«fU 0 5 OS, h 
'j ^^-)lifU (TMG) , T>^-T (NHs) , 
•>7> (SiH4) & -frit-fit, 54X10- s t«-/m 
in, 4']7hVmi n, 2 2 X 1 O" 1 1 *;i-/m i 

[0 0 2 9] »&ftfcGaNW«^fHB#S5«rIB'<4B 

mx-, f&&mMi *—fc&m&mz£ oust 

[0 0 3 0] 

0, Slt)i$T-IoA«OS i CJMSa«rW9Mt&<SE 
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[HI] 3fcAV-'J-ftOfc3*Byfl-i-40T-*4 o 
[H2] *«WO«i**|ttWi-4ia^*o-C, (a) 

^axzm^n^mm^i. (t>> (±^n 

WJ-ioTS5ig$*tJtS i CifM£ B B a ^O^:hv 
[13] *«WWfijt*fti;ffl^<bit4#«ffi«ft« 

70 1 «$t H B a (S i CJM&A) 

2 s i c%mk®*WM 

5 Zi5$f 
6 

7 *.)v v mmu) 

8 ry — pzi'i ;u 

9 ^SMSEA r *"^Ef 

10 gl6tAr**Xffl7X7D-3>hn-7 

20 1 1 



[HI] 



[13] 



was 



SJKB 



sea (UMbaat*:^) 
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(72)5&9j# m* mm <72)»b» ^ft 

F 4G077 AA02 BE08 DA02 EB01 HA06 

SA04 
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